Background: Previous studies suggest that the impact of social factors on harmful alcohol use between men and women may be different. We aimed to explore the gender-based difference in temporal trend and social risk factors associated with harmful alcohol use. Methods: The Korea National Health and Nutrition Examination Survey (2007Survey ( -2014 was used to explore the recent trend of harmful alcohol use in the general population. Among all current alcohol drinkers aged 20-64 years, the frequencies of harmful alcohol use in each age group, year of birth, marriage, income, education, and occupation were analyzed based on gender. Results: A total of 34,478 people (14,544 men and 19,834 women) who reported drinking alcohol in the last month at the time of interview were included in the analysis. The proportion of harmful alcohol use in men decreased (P for trend = 0.002) during the study period, whereas significant change was not observed in women (P for trend = 0.173). The prevalence of harmful alcohol use was highest in men aged 35-49 years and women aged 20-34 years. For both men and women, lower level of education and service occupation were the common risk factors of harmful alcohol use. Additionally, low income was a risk factor of harmful alcohol use in women but not in men. Marriage increased the risk of harmful alcohol use in women but decreased in men. Conclusion: Public health interventions in reducing harmful alcohol use should consider the different high-risk groups between men and women.
INTRODUCTION
Harmful alcohol use is generally defined as an excessive use of alcohol, which eventually leads to health problems and often includes adverse social consequences. 1,2 The prevalence is higher in men than in women. 3, 4 Previous studies suggested that women more likely have protective factors against alcohol drinking, such as social sanctions, than men do. 5 In addition, men are more affected by aggressiveness, distress-relieving drinking, behavioral under-control, and anti-sociality, which are linked with excessive alcohol drinking, compared to women. 6 Although alcohol-related health problems are more common in men, effects of excessive alcohol consumption are more profound in women. 7 Biologically, the same level of alcohol intake can cause more damage to women than men and lead to more pronounced health outcomes, such as malignancy and gastrointestinal or cardiovascular diseases. 8, 9 Alcohol use during pregnancy poses potential risks to the fetus, such as fetal alcohol syndrome and/ or low birth weight, resulting to intergenerational impact. 10 In addition, women who use alcohol are more likely victims of violence and accident. 11 Despite the specific concerns regarding the harmful effects of alcohol use in women, its prevalence has increased in a number of societies with changes in the gender role and social environment, leading to a gender convergence in alcohol use behaviors. [12] [13] [14] The risk factors of harmful alcohol use may differ depending on the specific population and groups of countries. 15 Previous studies suggest that there may be a gender-based difference in social factors associated with harmful alcohol use. 16 Several researchers showed that older and highly educated women were most likely the heavy drinkers, while less-educated and younger men were more at risk. 15, 17 However, conflicting reports indicating that harmful alcohol use is more prevalent in young, unmarried, less-educated, low-income, and employed women are present. 17, 18 In a gender comparative study, the impact of economic deprivation was significant in men, but not in women. 19 Globally, the gender gap in harmful alcohol use is being narrowed by decreasing men's drinking and/or an increase in women's. 13 As Koreans are the biggest consumers of alcohol in the Asia-Pacific region, the trend and risk of harmful alcohol use can be more profoundly identified in Korea. 20 In accordance with the rapid economic expansion in the past several decades, Korea has experienced rapid social transition, such as increased female economic participation and enlarging socioeconomic and gender inequality. 21 The female-to-male ratio of labor force participation has consistently increased from 0.65 in 2000 to 0.69 in 2014. 22 However, men earned more than women by 33.6%-46.9% with comparable skills, suggesting a gender discrimination in wages. 23 These changes can lead to increased heavy drinking habits in Korean women. 24 To address the high rate of harmful alcohol use in Korea, recent trends and associated factors of harmful alcohol use in the high-risk population should be identified. Although a few studies have been conducted to explore the gender-specific risk factors for harmful alcohol use in Korea, most of them did not include the potential effect of period and birth cohort. 25 Considering the rapid change in recent decade such as national economic recession and generational difference in employment, these factors should be included in the analysis. In this study, therefore, population-based data was used to explore the period, birth cohort effect and socioeconomic risk factors associated with harmful alcohol use.
METHODS
To explore the temporal trend and risk factors of harmful alcohol use, 8 periods of the Korea National Health and Nutrition Examination Survey (KNHANES) from 2007 to 2014, measuring the alcohol use behaviors using the same questionnaires, were used in this study. The KNHANES is a nationwide survey on Korean residents and is approved by the ethical committee of the Korea Centers for Disease Control and Prevention. Each wave provides a nationwide representative data of the Korean population. For stratification, the "rolling survey sampling" was used to identify the samples of the survey population, which has been previously described elsewhere. 26 During the KNHANES surveys, trained interviewers assessed the participants' socio-demographic characteristics. Since alcohol consumption is only allowed in individuals aged > 19 years by law, only participants aged 20-64 years were included in the analysis. To identify especially the risk factors for harmful use, only current alcohol users were analyzed.
Study variables
The outcome variable was harmful alcohol use. Self-reporting questionnaires were administered to obtain information on alcohol use. Persons who drunk any kind of alcoholic beverages in the past 12 months were defined as current alcohol users. 27 Harmful alcohol use was defined as consumption of > 60 g pure alcohol per drinking day for men and > 40 g for women. 28 When conversion into units of drink is made, the alcohol consumption corresponds to were ≥ 7 cups of soju per occasion for men and ≥ 5 cups of soju for women twice or more per week, as the alcohol content (percentage of alcohol by volume) is considered. 
Statistical analysis
Weighted values were used in calculating the prevalence of harmful alcohol use. MantelHaenszel χ 2 statistic was used for exploring annual trends of harmful alcohol use among current alcohol user. The prevalence of harmful alcohol use was also explored in each socioeconomic gradient. The χ 2 test was used to compare the proportion of the study populations for each covariates. Considering the complicated combination of diverse socioeconomic characteristics in women, the trend should be analyzed by controlling the effects of age, cohort, and period. To control the effects of birth cohort and period, a hierachical linear model with a cross-classified structure proposed by Yang and Land 30 was used. This structure nested individuals in both periods and cohorts which are not exclusive of each other. As the data are cross-sectional, an individual is only observed once for each age and period. The cohort and period were thus treated as high-level random effects, in which individuals reside, in generalized linear mixed model. 30 
Ethics statement
The KNHANES was approved by the Korea Centers for Disease Control and Prevention's Institutional Review Board (IRB No. 2014-12EXP-03-5C), and all participants provided written informed consent. This study adhered to the tenets of the Declaration of Helsinki.
RESULTS
From 2007 to 2014, a total of 37,754 participants (total weighted value = 251,360,282 for 8 years) who aged 20-64 years were identified. Among them, 34,378 people (96.4%) reported drinking alcohol in the last month at the time of the interview were included in the analysis. The prevalence of current alcohol use was 95.9% for men and 96.9% for women (P for difference < 0.001). The harmful alcohol use criteria were met in 23.7% of men and 5.8% of women among participants with current alcohol use. As presented in Fig. 1 , the proportion of harmful alcohol use in men decreased from 23.3% to 22.9% during the study period (P for trend = 0.002). In women, the prevalence was 3.7% in 2007 and 6.8% in 2014 (P for trend = 0.173). In the pooled data, the proportion of harmful alcohol use was highest in men aged 35-49 years and in women aged 20-34 years (Fig. 2) 
Harmful Alcohol Use Based on Age and Gender
The median estimates for age was 39.9 years in men and 40.6 years in women. For both gender, majority were current drinkers. Proportion of harmful alcohol use by each level of demographic characteristics is summarized in Table 2 . In men, rates of harmful alcohol use were not significantly different by household income level. However, women with lower household income showed generally higher rate of harmful alcohol use. 
DISCUSSION
The primary finding of this study is that the prevalence of harmful alcohol use decreased in men but not in women. alcohol use in women, whereas marriage was a protective factor in men. This study revealed the gender convergence of harmful alcohol use in Korea during 2007-2014 and it may be due to the temporal change of composition of risk groups in men and women.
It is noteworthy that women aged 20-34 years have the highest prevalence of harmful alcohol use. Policies aiming to reduce alcohol consumption have generally focused on young people aged < 18 years and binge drinkers who were mostly men. Significant birth cohort effects in women revealed increased harmful alcohol use in the recent generation. However, this cohort effect was insignificant in men. A recent study of the United States revealed that white women's heavy drinking habits are highest throughout their 20s, followed by a steep decline in their succeeding years. 31 However, in African-American women, drinking problems are more common in middle-aged than younger age groups. 7 The effect of age between men and women was not significantly different regardless of ethnicities in the US data. 31 Based on the common reasons-for-drinking in the literature, people drink alcohol to cope with stress or to have social influences. 32 Since heavy drinkers consider harmful alcohol use for coping reasons than social-effect motives, 32 middle-aged men and younger women usually resort to heavy drinking for personal-effect motives, leading to the high prevalence of harmful alcohol use in Korea. The highest risk of harmful alcohol use in service and sales occupation, which mostly comprised of younger women, may explain the source of stress in this age group. The general pattern of vulnerability of the disadvantaged and unhealthy behaviors can be presented differently depending on the culture and country-specific context. The general patterns of harmful alcohol use in men, such as increasing risk with aging and low socioeconomic status, are similar in most countries. However, for women, these patterns are inconsistent in various countries. Studies have shown that women with high level of education and professional occupation are more at risk of heavy drinking and alcohol problems in highincome European countries, showing a significant gender convergence pattern. 14, 15 This socioeconomic gradient in heavy alcohol use was not evident in several low-and middle-income countries. 33 Since women in developing countries or countries in transition do not drink at the same levels as those in developed countries, the inequalities of harmful alcohol use with regard to the socioeconomic gradient are not clear. 34 In addition, Asian women generally had a less tendency of harmful alcohol use due to the traditional gender norms, emphasizing that women's modesty may protect women against heavy drinking episodes. 35 However, the higher risk of harmful alcohol use in married women in this study contradicts the traditional gender norm in Korea. Following many societies where rapid change in their cultural and gender role occurred, Korean would have been influencing the changing patterns of harmful alcohol use in women.
High-risk of harmful alcohol use in women working in service and sales can ameliorate gender-based health disparities, if the employment disparities are the result of market distortion and gender segregation. 36,37 Accessibility to alcohol, social pressure to drink, separation from normal social relationships, and autonomy at the workplace were suggested to directly contribute to the harmful alcohol use in paid-workers. 37 Although occupational risk factors were insignificant in women in the 1990s, 38 the association between sales and service occupation and harmful alcohol use was evident in our study.
As a cross-sectional study using pooled data, the causality between the risk factors and harmful alcohol use cannot be determined. Considering the previous qualitative and quantitative studies reporting higher risk of heavy or binge drinking in service and sales workers, a causal relationship can be postulated. 39 In addition, as most of previous studies, there is a limitation as a study using self-reported measures. Since women are more likely to underestimate for drink than men, 40 more refined measures for alcohol consumption would be necessary especially in women.
In conclusion, the gap between men and women in the prevalence of harmful alcohol use decreased and its risk factors are different between men and women. In the development of public health intervention for reducing harmful alcohol use, therefore, gender-specific targeting would be needed.
